The renal effects of low-dose dopamine (LDD) therapy in hyperdynamic thermally injured peuents are unknown. We Investigated the renal effects of LDD in ten burn C A patients (mean :I: SEM age and %total body surface burned: 30.2 _ 3.3 years and 53.4% :1: 7%) and six controls (mean age; 20.2 l 0.5 years). Administration of LDD significantly Increased glomerular filtration rate, effective renal plasma flow, sodium _ excretion, and urine flow in the controls and effective renal plasma flow, urine flow, WE heart rate, and cardiac index In the patients. The chronotropic effect of dopamine W r , , , appears to be a principal contributor to the patients' increased effective renal plasma U , flow. Sodium excretion was increased by LDD only In the patients in whom the pre-00 . INTRAVENOUS DOPAMINE is frequently adminis-effects is an increase in urine output and sodium excre-"tered to critically ill patients, with its wide use based tion.
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__ dopamine sodium excretion exceeded 5 mEq/h. Lack of a consistent natriuretic ". effect and the consistent chronotropic effect suggest that the routine use of low-dose £ rrl -response determine clinical use, i.e., the potential for blood flow redistribution and -increased cardiac work demands must be balanced against Increased renal plasma (T
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INTRAVENOUS DOPAMINE is frequently adminis-effects is an increase in urine output and sodium excre-"tered to critically ill patients, with its wide use based tion.
2 -' -upon the range of effects, which are infusion rate deThese renal-specific dopamine effects have encouraged So pendent. The dose-related pharmacologic actions result intensivists to extrapolate the results from normal sub-: 5 from selective stimulation of alpha-, beta-, and dopa-jects to critically ill patients. The finding of altered r. $ mine-adrenergic receptors. In normal huvrns, infusion receptor sensitivity to low-dose dopamine in some parates less than 1 ug/kg/min primarily stimulate dopa-tient populations questions the validity of this assumpmine-1 and dopamine-2 receptors, resulting in vasodila-tion,' and few data exist that can support wide-scale use S. . tation and increased blood flow to renal, mesenteric, of low-dose dopamine. The objective of this study was to cerebral, and coronary vascular beds. As the dosage is evaluate the effect of low-dose dopamine therapy in increased, additional stimulation of beta-adrenergic re-thermally injured patients by documenting its effect on &0ceptors produces direct positive inotropic and chrono-effective renal plasma flow, glomerular filtration rate, tropic effects with a concomitant increase in cardiac sodium excretion, free water clearance, and cardiac func-V=4 output. When infusion rates exceed 10 mg/kg/min, alpha-tion. This study focused on severely burned patients 0 1 and alpha-2 receptor stimulation is affected and sys-since we have previously reported a significant decrement temic vascular resistance increases, in blood volume with concomitant changes in hormonal Renal blood flow alterations are a consequence of control mechanisms despite a hyperdynamic circulation. 
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patients underwent uneventful resuscitation and were studied Statistical Analysis between the second and fourth postburn weeks. At the time of enrollment, all patients were without signs of infection or Pre-dopamine infusion data were compared between the sepsis. Patients with pre-existing renal or cardiac disease were control and patient populations utilizing a two-tailed t test and excluded from the study. Patients were not studied within 48 nonparametric analysis (Wilcoxon Rank Sum test) when varihours of a surgical procedure. On the night before study, the ances differed. The effect of dopamine therapy within each patients' intravenous fluid administration rates were altered to population was analyzed using a paired t test. Comparison of produce a urine flow rate of 2 mL/min. Composition of the variables was by correlation analysis. All analyses were perintravenous fluids was tailored according to each patient's fluid formed using BMDP Software (Los Angeles, Calif). and electrolyte status. A Swan-Ganz catheter was placed in all patients but not the controls for measurement of cardiac output RESULTS and pulmonary artery occlusion pressures. Routine morning burn care was postponed on the day of study until completion Ten patients and six normal control subjects were of the protocol.
enrolled in this study. Table 1 contains demographic data for both groups.
Study Procedure
On the morning of study, patients and control subjects were Pre-dopamine Data observed for 3 hours to ensure hemodynamic stability and a constant urine flow rate. Enteral feedings were continued at a Table 2 contains pre-dopamine hemodynamic and constant infusion rate in the patients. Isotopic tracers for fluid administration dato for both groups. Patients had assessment of renal function were then infused. Urine produced significantly higher heart rates and mean arterial presduring each hour of the study was ;'lected for electrolyte and sures, a reflection of the anticipated hemodynamic reosmolality determinations, and multiple plasma samples were sponse to injury typical of thermally injured patients. collected at precisely timed intervals for analysis of serum Urine flow was significantly less in the patients, despite electrolytes, osmolality, and isotope concentration. Beginning 3 hours after initiation of the isotope infusion, dopamine was a significantly greater fluid administration rate. This is administered at a rate of 3 pg/kg/min by continuous intrave-considered to reflect both the increased circulating levels nous infusion into a central vein. After 3 hours, the dopamine of antidiuretic hormone we have previously reported in infusion was discontinued, and the isotope infusion and data thermally injured patients 7 and an elevated evaporative collection continued for 1 additional hour.
water loss. Table 3 contains further hemodynamic data Data collected in the control group consisted of heart rate, confirming the presence of a hyperdynamic response in blood pressure, core temperature, hourly determinations of the patients. serum and urine Na+, osmolality, urea, and creatinine, as well Th e pati nts.
as reordofallfluds ecive an uineoutut.Aditinaly, Table 4 contains pre-infusion renal function data for as a record of all fluids received and urine output. Additionally, both groups. As expected, patients had significantly in the patients, pulmonary artery pressure, pulmonary artery occlusion pressure, central venous pressure, and cardiac output higher GFR and RPF, and lower free water clearance were measured. From these data, stroke volume, systemic vas-and fractional excretion of sodium than controls. cular resistance, and mean arterial pressure were calculated. The mean ± SEM of each variable was then calculated from all collected data for the time period before dopamine infusion mL/h) were begun just before TcDTPA (22 mL) and IHIP (15 mL) were given as a priming bolus (t = 0). Heparinized plasma Mean ± SEM. (for counting of gamma activity in the spectral window for each t PBD = Postbum day of study. isotope usually to less than 1% coefficient of variation) was t TBSAB -Total body surface area bum.
sampled at 15-minute intervals between t = 1 hour and t = 2 hours, and at 30-minute intervals thereafter. The activity in a Table 4 Figure 2. Renal plasma flow: This figure depicts renal plasma flow Pre-depamin. renal function for each control (n = 6) and patient (n = 9) before and during dopamine therapy. Figure 3 . Urine output: This figure depicts urine flow for each control (n = 6) and patient (n = 10) before and during dopamine therapy. Low-140-dose dopamine significantly Increased urine flow in both populations, although the effect was more pronounced in the controls. consistently Increased by dopamine In the controls (n -6), but not the patients (n -8).
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Effec of Dopamine
;3 20-Renal dose dopamine (3 jig/kg/min) significantly increased GFR, RPF, urine flow, osmolar clearance, so-10-dium excretion, and fractional excretion of sodium (FENA) in the controls, whereas mean arterial pressure, 0 heart rate, and free water clearance were unchanged Table 5 ). In the patients, renal dose dopamine Figure 4 . Sodium excretion: This figure depicts sodium excretion In significantly increased RPF, urine flow, free water clear-millliequlvalents per hour for'each control (n = 6) and patient (n = 10) ance, FENA, Cardiac Index, and heart rate while decreas-before and during dopamine therapy. All controi subjects demonstrated a marked Increase in sodium excretion with dopamine. The effect was ing mean arterial pressure and systemic vascular resist-inconsistent In the patients, with the majority showing none or a relatively ance (Figs. 1-6; Tables 3 and 6) . In the patients, there small Increase in sodium excretion with dopamine.
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The Journal of Trauma July 1993 204 ± 30 360 ± 29" relative lack of data to support its use. We have demonOsmolar clearance (mL/min/ 2.9 ± 0.4 5.2 ± 0.6" strated that dopamine infused at a rate of 3 ug/kg/min 1.73 mi)
increases renal blood flow in post-resuscitative thermally Fractional excretion of sodium 1.25 ± 0.2 2.4 ± 0.2' injured patients, although the mechanism does not ap-(%) Sodium excretion (mEq/h) 12.0 ± 2.3 23.9 ± 2.9* pear to be solely dependent on dopamine receptor stimMean Arterial Pressure (mm 74 ± 2.4 71 ± 2.9 ulation at the level of the kidney.
Hg)
Several hemodynamic variables differed significantly Heart rate (beats/mmn) 61.5 ± 1.8 65 ± 2.9 between the two groups in a manner consistent with the p < 0.05 compared with pre-dopamine, hyperdynamic response to injury. The patients as a group had significantly greater GFR, RPF, and CI than did the CARDIAC INDEX controls, which is in agreement with previous studies.'°D espite the presence of a hyperdynamic circulation, pa1e tients also had a negative free water clearance and sigp -. 01
•nificantly lower fractional excretions of sodium than 9 .0controls, values consistent with the paradoxical blood volume deficit we have previously reported to be present 8-s in burn patients during the post-resuscitative phase.
7
This difference was further characterized by a lack of groups, and remained elevated for the entire 3-hour __dopamine infusion. The mechanism responsible for this Table 6 increase appears to involve alterations in cardiac funcEffects of dopamine in patients (renal function) tion and the renal vascular bed. Cardiac output was Pre-dopamine Dopamine significantly increased in all patients during dopamine Giomerular filtration rate 151 ± 7.0 152 ± 5.3
infusion. Dopamine (3 Ag/kg/min) had a significant (mL/mln/1.73 m) chronotropic effect, contributing to the increase in carEffective renal plasma flow 678 ± 54 816 ± 59' diac output. Stroke volume was not increased, suggesting (mL/min/1.73 mi) a negligible effect of the decrease in afterload and the Urine flow (mL/h/1.73 m2) 111 ± 22 190 ± 45" lack of a pure inotropic effect of the dopamine. Osmolar clearance (mL/mln/ 3.2 ± 0.4 3.96 ± 0.6 The significant chronotropic response at this low in-
mi)
Sodium excretion (mEq/h) 7.6 ± 2.7 12.2 ± 4.8 fusion rate of dopamine suggests an increased sensitivity Fractional excretion of so-0.7 ± 0.2 1.1 ± 0.4' of cardiac beta-adrenergic receptors in spite of the eledium (%) vated beta-adrenergic activity previously documented in Free water clearance (mL/ -1.38 ± 0.33 -0.786 ± 0.35' thermally injured patients. Other studies have failed to min/1.73 mi) document a chronotropic effect of this dose of dopamine, 'p < 0.05 compared with pre-dopamine. rather, they have demonstrated an increase in cardiac output primarily mediated by a reduction in left ventricwas no univariate correlation between burn size and ular afterload.""1 2` Despite the decrease in systemic vaschanges in RPF, GFR, urine flow, sodium excretion, or cular resistance, the chronotropic effect may impose cardiac function. Changes in urine output did not reflect increased work on the already hyperdynamic myocarchanges in GFR in either population. However, changes dium. A similar hemodynamic profile with a chronotropic in urine output did accurately predict changes in sodium effect has been documented during infusion of higher excretion in t _,ý patients (r = 0.811; p = 0.004). Finally, doses of dopamine, which have resulted in an increased systemic oxygen consumption measured by computerized whereby other control mechanisms may obscure a direct indirect calorimetry. 1 2 inhibitory effect of dopamine on proximal tubule sodium To determine if the increase in effective renal plasma transport.
7 ' 16 flow of the patients was mediated by changes in cardiac We did not document a significant effect of low-dose output, we compared the percentage of cardiac output dopamine on osmolar clearance in this patient popularepresented by renal plasma flow before and during do-tion. Parker and associates documented a significant pamine therapy. While patients were on dopamine, this increase in osmolar clearance in conjunction with inmean value increased from 5.24% to 5.98% (p = 0.01). creased GFR in a group of critically ill oliguric patients." 7 However, as depicted in Figure 6 , this ratio did not Presumably, the lack of a significant increase in the change in five of the ten patients, indicating that the already elevated GFR prevented this desirable effect in augmented cardiac output contributed to the increase in our group of hypermetabolic burn patients. effective renal plasma flow in the majority of these Low-dose dopamine has been reported to affect delepatients.
teriously the distribution of microcirculatory blood flow It was not possible to predict the changes in ERPF or in the liver and skeletal muscle of normal rats despite a GFR from the urine flow or natriuretic response to reduction in systemic vascular resistance." 8 Lundberg dopamine in either the patients or the controls; a similar reported a failure of low-dose dopamine to increase mesfinding was reported by Smit et al. in normal humans.": enteric blood flow despite a drop in systemic vascular Thus the absence of a diuresis does not preclude an resistance in the setting of elevated sympathetic nervous increase in GFR or ERPF in this sample of thermally system activity, 19 a milieu known to exist in burn painjured patients. Baseline ERPF did not correlate with tients."' The redistribution of flow suggests the possibil-A ERPF in our controls or patients. This is in contrast ity of either a steal phenomenon in which DA-1 receptorto previously published data from Schwartz" 4 and Beu-mediated vasodilatation in some beds results in decreased khof,' who studied patients undergoing vascular surgery flow to those vascular beds without these receptors or and those with glomerulopathy, respectively. Both of altered alpha receptor sensitivity to low dose dopamine. these patient groups consisted of a large number of Although altered alpha receptor sensitivity has not been individuals with low baseline ERPF and significant renal documented in normal humans receiving low-dose dodysfunction, making them distinctly different from our pamine, it has been documented to occur in preterm patients and possibly explaining this discrepancy.
neonates."'° Whether such alpha receptor changes were The natriuretic effect of low-dose dopamine in the present in our patients is unknown. Our finding of altered patients was quite variable. There was a strong positive beta receptor sensitivity with the associated potential for correlation between pre-dopamine sodium excretion and maldistribution of blood flow and increased oxygen conthe increase in sodium excretion while patients were sumption suggests that low-dose dopamine therapy may receiving dopamine (r = 0.758; p = 0.011). The patients not be innocuous in thermally injured patients. Further with pre-dopamine sodium excretions less than 5 mEq/ studies delineating the effect of this therapy on distrih/1.73 m" did not demonstrate appreciably increased bution of cardiac output and alterations in the oxygen sodium excretion with dopamine therapy. These patients availability ratio are necessary to document its safety. may have had a relative intravascular volume deficit, Finally, the benefit of maintaining an effective renal plasma flow at levels higher than those normally present RENAL PLASMA FLOW/CARDIAC INDEX in the thermally injured patient remains to be proven.
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